as a surgical landmark has been questioned (8). Recent advances in 3D-computed tomography (CT) volume rendering techniques have made it possible to visualize minute bone sutures and venous structures of the posterior fossa (3, 5, 6, 11) .
█ INTRODUCTION
The correct location of an initial strategic burr hole for a retrosigmoid craniotomy to give access to the cerebellopontine angle (CPA) is paramount in obtaining optimal exposure in this region (12) .
As the transverse and sigmoid sinuses are the natural limits of these exposures, a knowledge about their cranial topography constitutes the main factor in the planning of these retrosigmoid approaches (10) . The asterion serves as the junction of the lambdoid, parietomastoid and occipitomastoid sutures, and has been used in retrosigmoid craniotomy to locate the transverse-sigmoid sinus junction (2, 9, (12) (13) (14) .
As cadaveric studies have shown considerable variability in the relationship of the asterion to the underlying venous structures and its population-specific variability, its validity informed consent procedure research object. Using a duralenergy CT scanner (Somatom Definition; Siemens Healthcare, Erlangen, Germany), 32 patients (23 male and 9 female; mean age 56 years, range 21-87 years) underwent high-resolution CT scans in combination with venous angiography. The CT parameters in the dual-energy mode were 140 and 80kV tube voltage at 51 and 360 effective mAs, 0.5 second rotation time, collimation of 64 × 0.6 mm with z-flying focal spot, and pitch of 0.6. The 140 and 80 kV images (dual-energy images) were reconstructed separately in sections that were 0.75 mm wide at 0. 5mm increments with a D30 kernel, for a field of view of 180 mm 2 . The contrast-enhanced CT scan in the dual-energy mode was obtained with a 4.0mL/s injection of 80 ml nonionic contrast medium (Ultravist 300 mg I/ml, Bayer Schering Pharma) followed by 30 ml saline solution into the cubital vein through an 18-gauge catheter after a patient-specific delay determined by a bolus test (28-37s) (15) . The images were transferred to a workstation (MultiModality Workplace, Siemens Healthcare), and prototype software (Syngo 2008G, Siemens Healthcare) was used to generate 3D images by volume render (VR) (15) . The procedure for projecting the sinus complex onto the bone surface consisted of two steps. First, the transverse-sigmoid sinus complex that was easily identified on the bone removal venous CT angiography (CTV) images was marked and outlined with a number of points ( Figure 1A-D) . Second, the outline of the transverse-sigmoid sinus complex was visualized on the bone surface by returning to the skull 3D images ( Figure 1A -D). The distance from the asterion to the root of zygoma (A-ROZ) and the tip of the mastoid process (A-TMP), was measured on the skull 3D images in the workstation, measurements were taken (8) ( Figure 1A -D). The position of the asterion was determined as being over the transverse-sigmoid sinus complex, above it (over supratentorial dura) or below it (over posterior fossa dura) (Figure 2A -C). Data obtained were analysed using the statistical package software (SPSS version 12.0, SPSS) (8) . Side and gender differences were assessed by Student's t test. A p values ≤0.05 was considered statistically significant.
█ RESULTS
Position of the asterion from ROZ and TMP Table I shows the mean and standard deviation (SD) of the two measurements of the asterion in different genders and on different sides. There was no statistically significant difference in side difference. With respect to gender difference, the asterion in males was significantly higher than that in females. Relationship between the asterion and the transverse-sigmoid (T-S) sinus complex The asterion was located on the T-S sinus complex in 44 cases. The asterion was below the T-S sinus complex (over the posterior fossa dura mater) in 19 cases, and above the T-S sinus complex (over the supratentorial dura mater) in only (Table II) The inferior aspect of TSSJ was located anterior to the asterion. The distance between the asterion and the inferior aspect of the TSSJ was 18.25 ± 3.32 mm on the right side and 17.43±3.95 mm on the left side. There was no statistically significant side difference (p≥0.05).
█ DISCUSSION
Retrosigmoid craniotomy is the most commonly used approach to gain access to the CPA, but it is often limited by the transverse and sigmoid sinuses. Correct location of the burr hole, especially the initial burr hole, is crucial to avoid venous injury and obtain optimal exposure (1, 10, 14) . Classically, the asterion has been cited as an external landmark for the TSSJ. However, its position cannot be discerned because it is covered by the scalp (13) . In this study, we used the root of the zygoma and the tip of the mastoid as the palpable landmarks to locate the asterion. Mwachaka et al. (8, 13) found that in Kenyans the distance from the asterion to the root of zygoma was 58.85 ± 2.50 mm on the right side and 58.44 ± 2.12 mm on the left side, and the distance from the asterion to the tip of the mastoid process was 47.89 ± 3.72 mm the distance from the asterion and 47.62 ± 2.87 mm on the left side, while the in Turks the corresponding fugure was 54.6 ± 5.50 mm and 54.1 ± 5.42 mm, and 49.10 ± 3.56 mm and 48.70 ± 2.23 mm (13) . These studies show that the location of the asterion is different in different races and populations. However, the measurements of the above studies were based on cadaveric specimens.
Current advances in image-rendering have made it possible to generate 3D models by reconstructing image data and perform precise morphometric investigation in vivo (3, 5, 6, 11) . Using 64 bilateral measurements obtained in 32 Chinese patients, we performed a morphometric study on the location of the asterion. The results showed that in Chinese the distance from the asterion to the root of zygoma was 54.6 ± 5.50 mm on the right and 54.1 ± 5.42 mm on the left side, and the distance from the asterion to the tip of the mastoid process was 49.10 ± 3.56 mm on the right side and 48.70 ± 2.23 mm on the left side. Day et al. (4) found that the asterion was over the posterior fossa dura in 32% of their samples on the right and 25% on the left. Its position was over the transverse or sigmoid sinus complex in 61% of the right sides and 66% of the left sides (12) .
Martinez et al. 14 reported that the asterion was over the transverse sinus in 87.8% of their cases. In our study, we found that the asterion was located over the transverse sigmoid sinus complex in 69% cases, which is consistent with these studies (7) . But the TSSJ is the point of the posterior and inferior aspect of the knee (upper genu) between the sigmoid and transverse sinuses, which is paramount in obtaining optimal exposure in CPA.
Once it is known where the junction is, the initial drilling is carried out approximately 1 cm lower and medial to this point (12) . By the two-step procedure, we projected the sinus complex onto the bone surface to investigate the relation between the asterion and the TSSJ. It was found that the TSSJ was located about 1.8 cm anterior to the asterion, which is similar to Ribas's finding that the junction of the transverse and sigmoid sinus was 1 cm anterior to the asterion across the parietomastoid suture (10, 12) . █ CONCLUSIONS 3D-CT volume rendering imaging is capable of accurately and simultaneously visualizing the bony landmark and the dural sinus structure outline in vivo, thus offering a new option for anatomic research and morphometric investigation. The asterion can be located accurately using the root of the zygoma and the tip of the mastoid process. The inferior aspect of the transverse-sigmoid sinus junction is located 1.8 cm anterior to the asterion.
